INTRODUCTION
============

Pancreatic adenocarcinoma (PAC) is an extremely aggressive tumor; as such, it is the fourth leading cause of cancer-related death in the United States.[@B1] In 2008, the estimated incidence in the United States was 37,700 cases while an estimated 34,300 patients died of the disease.[@B2] Worldwide, over 200,000 people die annually of pancreatic cancer.[@B3] Most patients with pancreatic cancer present with locally advanced or metastatic disease upon diagnosis. Only 10% to 20% of patients are candidates for curative surgery.[@B4] The only curative treatment is radical surgical resection; yet, unfortunately, one fourth of patients present with unresectable tumors at the time of surgery.[@B5] Surgical resection, with or without adjuvant therapy, is associated with a median survival of 11 to 23 months and with a 5-year survival of about 20%.[@B6] Pancreatic surgical resections are technically demanding procedures, associated with high postoperative morbidity and mortality rates (about 30% to 50% and 5% to 10%, respectively).[@B7] The prognosis of patients with resectable PAC remains poor despite improvements in surgical management and adjuvant therapy, as 60% of patients experience local and systemic relapse during the first 12 months after surgery.[@B8]

A preoperative prognostic assessment is crucial in order to estimate tumor resectability, choose appropriate neoadjuvant chemoradiotherapy, and avoid unnecessary laparotomies or delays in systemic chemoradiotherapy. Carbohydrate antigen 19-9 (CA 19-9) is the most accurate serum biomarker for pancreatic cancer available and has shown some utility as diagnostic and prognostic marker.[@B9] Several studies have shown that high levels of preoperative CA 19-9 (\>300 U/mL) correlate with advanced disease.[@B10] Additional evidence indicates that serum CA 19-9 is an independent predictor of both recurrence and reduced survival after resection and that, furthermore, its levels correlate with tumor burden and metastatic disease. Patients with resectable tumors have significantly lower CA 19-9 levels than those with unresectable tumors.[@B11]

The aim of the study is: 1) to evaluate whether CA 19-9 can serve as prognostic preoperative parameter able to predict early recurrence, 2) to create a prognostic preoperative model (utilizing the CA 19-9 and other preoperative parameters) able to determine the risk of early recurrence in patients undergoing to surgical pancreatic resection.

MATERIALS AND METHODS
=====================

1. Patients, preoperative parameters, and surgical procedures
-------------------------------------------------------------

A series of 177 consecutive patients undergoing resection for PAC between January 2003 and December 2011 at the St. Andrea Hospital, University of Rome, were reviewed retrospectively. Demographic characteristics, clinical findings, details of the surgical procedures, and histopathological parameters are outlined in [Table 1](#T1){ref-type="table"}.

If tumors were located in the pancreatic head or uncus, a pancreaticoduodenectomy (either pylorus-preserving or the classic Whipple procedure) was performed. Distal pancreatectomy or splenopancreatectomy was the procedure of choice for tumors located in the pancreatic body or tail, along with standard lymphadenectomy (level I lymph nodes). Pancreatojejunostomy was routinely performed for reconstruction after pancreaticoduodenectomy and was carried out by anastomosing the pancreatic parenchyma and the jejunum in an end-to-side, single-layer, full-thickness anastomosis. Superior mesenteric-portal vein resection was performed in cases of suspected infiltration of the portal vein, either preoperatively or intraoperatively. The operative specimen underwent standard histopathological evaluation by an experienced pathologist. The residual tumor classification of the Union for International Cancer Control was used to define the radicality of resection; R2 cases were excluded from the analysis.

Several preoperative variables were analyzed: tumor size; preoperative lymph nodes metastases; vascular infiltration; and preoperative CA 19-9, carcinoembryonic antigen (CEA), and total bilirubin. Data were collected, recorded in a database, and analyzed. Patients who underwent to chemoradiotherapy before surgery were not considered. Patients were followed at regular intervals after discharge, either by clinical examination or by contacting their general practitioner and/or oncologist to obtain information about progression of the disease or cancer-related death. Report of local recurrence or distant metastasis was confirmed histologically or radiographically. Early recurrence was defined as the radiographic evidence of tumor tissue around the surgical site or the appearance of distal metastases within 6 months of surgical treatment.

Several studies have shown that high levels of CA 19-9 correlate with advanced disease;[@B10] however, levels of this marker are also elevated in a broad range of benign and malignant conditions including cholecystitis, choledocholithiasis, hepatitis, cirrhosis, pancreatitis, achalasia, inflammatory bowel disease, rheumatoid arthritis, Hashimoto thyroiditis, cholangiocarcinoma, and colorectal, hepatocellular, esophageal, lung, and ovarian cancer.[@B12] CA 19-9 levels may be artificially elevated in a setting of cholestasis and correcting it in relation to bilirubin may improve its applicability.[@B9] We controlled for bilirubin levels, as increased cholestasis falsely elevates CA 19-9 levels, likely a result of the decreased capacity of a cholestatic liver to degrade and excrete CA 19-9. Analyses were carried out using CA 19-9 values in patients with normal bilirubin levels and in those with impaired biliary excretion (bilirubin \>2 mg/dL). In patients with total bilirubin levels of 2 mg/dL or more, the corrected CA 19-9 (cCA 19-9) was calculated by dividing the CA 19-9 value by the bilirubin value (mg/dL).

2. Statistics
-------------

Statistical analyses were performed using MedCalc version 10.2.0.0 for Windows (MedCalc Software, MariaKerke, Belgium). The significance of differences in distribution was calculated using the t-test and one-way analysis of variance for continuous variables and the chi-square test or Fisher exact test (depending on the number of cases in each subgroup) for categorical variables. Survival was estimated using the Kaplan-Meier method while differences were assessed by means of the log-rank test. Survival was defined as the time from diagnosis to disease-related death and was censored at the last follow-up date if no events had occurred.

A p\<0.05 was used as the threshold value for statistical significance for variable selection for multivariate modeling using the Cox proportional hazards model in order not to overlook any potentially important predictors. Only those variables found to be significant in the univariate analysis were included in the model. We then used receiver operating characteristic (ROC) curve analysis to determine the best threshold values for CA 19-9 level and tumor volume. Sensitivity, specificity, and positive and negative predictive values were calculated for each threshold value of CA 19-9, CEA, and tumor volume. We considered values statistically significant when the p\<0.05.

RESULTS
=======

1. Patients and diagnoses
-------------------------

Of the 177 patients, 92 were male and 85 female with a median age of 66.8 years. Tumor location was confined to the head of pancreas in 142 patients and to the body or tail in 35 patients. We performed pancreaticoduodenectomy in 140 patients, distal splenopancreatectomy in 35, and a total pancreatectomy in two patients. The mean preoperative size of the tumors was 3.98 cm; preoperative mean cCA 19-9 and cCEA were 525 U/mL and 3.22 ng/mL, respectively. Histological examination showed a grading of 3 to 4 in 93 patients; according to the American Joint Committee on Cancer (AJCC; 6th edition from 2002 to 2009 and 7th edition from 2009 to 2012) pancreatic cancer staging, 89 patients presented with a stage IIb tumor, 29 with a stage III tumor, 28 with a stage IIa, 12 with a stage Ib tumor, and 19 with a stage Ia PAC.

2. Preoperative factors that influenced early recurrence
--------------------------------------------------------

After univariate analysis, preoperative cCA 19-9, tumor size, and the presence of node metastases were statistically correlated with early recurrence ([Table 2](#T2){ref-type="table"}). The significance of preoperative cCA 19-9 and tumor size in predicting early recurrence is shown by regression lines through the regression coefficient ([Fig. 1](#F1){ref-type="fig"}). ROC curve analyses were performed in order to establish the level of cCA 19-9 and tumor size related to early recurrence. The most predictive value for preoperative cCA 19-9 was 228 U/L or higher (specificity, 66.9%; sensitivity, 62.0%) and for tumor size was 3 cm or higher (specificity, 80.7%; sensitivity, 51.3%).

Using these values, we tested the utility of each marker and the combination of the threshold values for the prediction of early recurrence ([Table 3](#T3){ref-type="table"}); when all the three preoperative parameters were less than the threshold values the prediction of early recurrence was assessed with 90.4% accuracy ([Table 3](#T3){ref-type="table"}).

We also found that after univariate analysis, a preoperative cCA 19-9 level \>228 U/mL and tumor size ≥3.1 cm significantly predict disease-free survival (DFS) and overall survival (OS) in [Table 4](#T4){ref-type="table"}. Patients were divided into two subgroups based upon preoperative cCA 19-9 level, tumor size, and the presence of lymph node metastases at the preoperative staging. Group A consisted of 49 patients with CA 19-9 levels \<228 U/mL, tumor size \<3 cm, and the absence of lymph node metastases while group B consisted of 128 patients with cCA 19-9 levels \>228 U/mL, a tumor size ≥3.1 cm, and preoperative metastatic nodes. The two subgroups were equivalent in terms of age, sex, and tumor location (p=n.s.). [Table 4](#T4){ref-type="table"} demonstrated that group B patients experienced shorter median OS and DFS compared to group A patients (OS, 14.8 months vs 20.5 months, p\<0.001; DFS, 11.4 months vs 20.6 months, p\<0.001, respectively) ([Fig. 2](#F2){ref-type="fig"}).

After multivariate analysis considering both preoperative and postoperative parameters, the preoperative assessment combining preoperative cCA 19-9, tumor size, and the presence of nodes metastases (p=0.0314; hazard ratio, 3.9811; 95% confidence interval, 1.1745 to 15.3245), a complete microscopic resection (R0), the ratio of metastatic/resected lymph nodes \>0.3 (lymph node ratio), and AJCC stage were each independently correlated with early recurrence ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

PAC is an aggressive tumor characterized by early dissemination to regional lymph nodes and distant metastases. At the time of presentation, it is essential to evaluate disease status in order to achieve the best management of the disease. Only 20% to 25% of the patients who present with a diagnosis of PAC can potentially benefit from surgical resection,[@B13] yet a great majority of those patients have a locally advanced or metastatic disease at surgery.[@B3] Even when complete surgical resection is performed, prognosis is poor with a high local or metastatic recurrence rate within the first 12 months.[@B14] For this reason, given the systemic nature of PAC and the morbidity and mortality rates involved with surgery, it is essential to clearly determine the relative risk of relapse at the time of initial staging evaluation. It has become crucial, in fact, to propose a risk stratification of disease progression and surgical failure prior to surgery in order to avoid unnecessary laparotomies and the loss of quality of life as a consequence of the surgery. It allows the physician to redirect appropriate patients to palliative or neoadjuvant treatment, which maximize resources and reduces the costs of surgery and hospitalization.

Computed tomography (CT) is the most widely available and best validated modality for imaging patients with PAC; it also permits an accurate evaluation of the local extent of cancer.[@B15] CT, in association with the endoscopic ultrasound (EUS), allows visualization of the primary tumor in relation to the superior mesenteric artery, celiac axis, superior mesenteric vein, and portal vein.[@B2] Although CT techniques have improved, it still misses occult peritoneal or liver metastatic disease in 4% to 15% of patients and occult vascular involvement in 4% to 19% of patients.[@B4],[@B15]

Preoperative CT and EUS actually allow selection of patients who are better candidates for trials for neoadjuvant treatment in tertiary cancer centers.[@B16]

Cancer associated antigen (CA 19-9) has become the most important tumor marker for pancreatic cancer.[@B11] Many reports have verified its clinical usefulness in diagnosis and monitoring of disease progression.[@B9] CA 19-9 can also be used as a tool for predicting patient response to chemotherapy and chemoradiation. There are many reports in the literature of the utility of preoperative CA 19-9 for the assessment of expected curability and resectability in patients with pancreatic cancer as higher levels of CA 19-9 correlate with a major probability of requiring R1/R2 resection and, consequently, a worse OS and DFS. Several threshold values for the use of CA 19-9 as a prognostic indicator have been reported.[@B5],[@B17]-[@B20] Ferrone et al.[@B21] reported that operative treatment and tumor size \<3 cm were factors independently associated with longer survival.

In this study, we investigated the outcomes of patients who underwent pancreatic resection for pancreatic cancer and we identified several factors predictive of early recurrence. In particular, we tried to identify a panel of significant preoperative predictors of surgical failure and early disease progression. We demonstrated that preoperative cCA 19-9 levels, tumor size, and preoperative metastatic lymph nodes were statistically significant predictors of early recurrence, DFS, and OS using univariate analysis. After multivariate analysis, however, these parameters alone failed to demonstrate a significant value in terms of survival. For this reason, we rebuilt the multivariate analysis model using a sub-classification system which considered all three parameters together ([Table 5](#T5){ref-type="table"}). In this analysis, these three preoperative parameters together were able to independently predict the early recurrence of PAC.

Kim et al.,[@B5] in a recent paper demonstrating the value of cCA 19-9 in predicting R0 resectability of PAC, pose the following question: how can we assess and manage the patients in whom preoperative CT demonstrates only a localized and respectable tumor, but whose tumor markers show higher levels than cutoff levels? Kim et al.[@B5] recommended further preoperative evaluations such as positron emission tomography (PET)/CT and/or diagnostic laparoscopy for detecting occult metastases to decrease the number of unnecessary laparotomies.

In conclusion we showed the feasibility of a preoperative prognostic assessment in order to better stratify patients who are candidates for surgical resection. We identified three common preoperative parameters able, in combination, to calculate the risk of early disease progression after surgery.

We propose that these variables could be used to effectively select patients for alternative or palliative treatment, or further diagnostic evaluations (explorative laparoscopy, PET/CT). Neoadjuvant chemoradiotherapy could be an effective alternative choice for patients presenting unfavorable and high risk recurrence parameters, to better select patients responsive to a preoperative treatment (under-sized or under-staged) from patients developing a disease progression and then candidate to palliative care.
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Baseline Characteristics of Patients with Pancreatic Adenocarcinoma
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CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9.

###### 

Univariate Analysis Considering Preoperative Factors Influencing Early Recurrence
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CA 19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen.

\*By analysis of variance.
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Accuracy of Preoperative Parameters in Predicting Early Recurrence

![](gnl-8-102-i003)

AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; CA 19-9, carbohydrate antigen 19-9.
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Univariate Analysis Considering Preoperative Prognostic Factors and Survival
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CA 19-9, carbohydrate antigen 19-9.
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Multivariate Analysis Considering Factors Influencing Early Recurrence
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SE, standard error; HR, hazard ratio; CI, confidence interval; LNR, lymph node ratio; cCA 19-9, corrected carbohydrate antigen 19-9.

^\*^Model A, multivariate analysis considering preoperative assessment as subgroups A-B; ^†^Model B, multivariate analysis independently considering the preoperative parameters (preoperative cCA 19-9 and preoperative size).
